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ABSTRACT 
Lithologic studies in northeastern Minnesota 
suggest that drift prospecting is a useful ·tool for 
mapping drift-covered bedrock.. A detailed study of 
till clasts composition in the Long Island Lake 
Quadrangle revea.led a significant relationship be-
tween drift lithology and bedrock geology. 
The Long Island Lake Quadrangle is a suitable 
area for this study for the following reasons: (1) 
outcrops are numerous enough to have allowed the 
construction of a detailed geologic map; . (2) the 
area contains eight distinctive rock units; (3) the 
local bedrock experienced glacial erosion, indicated 
by the existence of glacially abraded and quarried 
The distribution of glacial sediments, mainly 
till and outwashe were mappedp and one hundred and 
one samples of drift were collected along traverses 
parallel to ice flow (perpendicular to strike of .. 
the bedrock). Both till and outwash contain a large 
quantity of local bedrock clasts in the size ranges 
. ' . . . 
greater than 1mm in diametero Cla.sts smaller than 
1mm are mainly minerals, and therefore not so dia-
gnostic of local bedrock. As a. test, boulders great-
er than 1 meter in diameter were used in the field 
for inferring bedrock contacts. These contacts 
were found to be within i- 60 meters (200 ft.) of 
i 
contacts placed by outcrop mapping. 
Lack .of local bedrock clasts in the smaller 
size fractions indicate either high resistance of 
local bedrock to crushing, or lack of opportunity 
for crushing because of short .residence time in the 
glacial system (short distance transport). In either 
case, the fine-grained therefore represents 
a contribution to the glacial load from more distant 
sources and the coarse- grained ,fra.ction represents 
a contribution form local sources. 
ii 
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INl'RODUCTION 
In Minnesota, as is true in all areas that 
have been subject to glacial erosion and deposi-
tion, "glacial overburden" has caus.ed serious 
prob;J..,ems i11 the exploration for mineral resources 
and geologic mapping. Glacial deposits cover a 
large portion of :the bedrock in these glaciat_ed 
fireas, making explora.tion difficult and 
the accurate mapping of bedrock distribution im-
possible, without the aid of expensive exploration 
methods. 
The main purpose of this investigation was 
to explore the relationship between glaciai drift 
lithology and bedrock geology, so as to determine 
the usefulness of drift studies in 
for mineral dposits or mapping bedrock contacts. 
A second purpose of the investigation was to study 
the sedimentology and stratigraphy of the glacial 
deposits, to gain insight into the process of 
glacial erosion and transportation, and to deter-
mine ice flow directions. 
The Long Island Lake Quadrangle was chosen 
to study for the following reasonss bedrock 
outcrops are numerous enough to have allowed the 
completion of a reasonably detailed geologic map, 
(2) within the area are eight distinctive Precam-
1 
brian rock units which are comprised of easily 
recognizable sources for clasts within the drift, 
(3) the drift of just one glacial event appears 
to be present, ( 4) the local bedrock experi.enced 
glacial indicated by the existence of 
and quarried outcrops, (5) the 
direction of glacier flow in the area was trans-
verse to the strike of the local bedrock, and ( 6 .) 
no detailed work on glacial geo.;Logy has been 
done in this area of Minnesota. 
Location and General Description 
The study area is l?cated in the Long Island 
Lake Quadrangle (7.5 minute series), Cook County, 
I • t • • 
Minnesota J). Loca.ted in the nor-t;hwest por-
tion of Cook C_ounty, the quadrangle is bordered in 
its northeastern corner by Canada. The Gunflint 
Trail, one of the few roads in Cook County, bisects 
the northern half of the quadrangle. 
Locally the area is hilly, with a maximum re-
lief of about 172 meters. Altitudes range from 
626 meters in the northwestern portion of the _ quad-
rangle to 450 meters along the northern border. 
If the water were drained from the lakes, the 
total relief would increase nearly 30 meters. 
The Long Island Lake area is essentially a 
sparsely settled wilderness with few roads. and 
trails. It is covered by a dense second growth 
forest of deciduous and coniferous trees, with 
2 
\.,,.) 
Figure 1: Location of Long Island Lake Quadrangle, northeastern Minnesota. 
an undergrowth of smaller plants. Portions of 
the quadrangle a.re included in the Boundary 
Waters Canoe Area of the Superior National For-
est, while the remainder of the quadrangle is 
privately owned. 
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Previous Work 
The Long Island Lake area is not only a wild-
erness in the eyes of the biologist but also in the 
eyes of the geologist, for little geologic work 
has been completed in the area. The most recent 
work, on the bedrock, is summarized on an open file 
geologic map (Morey and others, 1969), in the 
office of the Minnesota Geological Survey. Earlier 
studies (Grout, Sharp, and Schwartz, 1959) were 
conducted on the Precambrian ·bedrock. In these 
earlier studies the glacial geology was only 
\ 
\ 
mentioned to the degree that the area had been 
subjected to glaciation and covered with a thin 
veneer of drift. 
Method of Study 
Approximately 20 days were spent in the field 
during the summer of 1976. A U.S.G.S. 7.5 minute 
topographic map was used as a base map; the pace 
and compass method was used for locating glacial 
deposits and glacial features on the base map. 
Traverses were made parallel to ice flow, 
in order to map glacial sediment distribution, 
boulder trains, roches moutonnees, striations and 
gossen boulders. One hundred a.nd one samples of 
till and outwash were collected along the parallel 
traverses. Samples were taken wherever a good ex-
posure of drift was located. All samples were 
stored in large plastic sample bags to be returned 
to the laboratory. Random pebble, cobble, and 
boulder counts were made in the field, with about 
100-200 counts per locality. 
Laboratory work consisted of weighing out ap-
proximately 100 gram samples of till and placing 
each sample in a sodium Hexametaphosphate (calgon) 
solution (10 grams/liter of water). The sample 
remained in the solution for over 24 hours so as 
to disperse the clays. 
After 24 hours, the sample was washed through 
a 62 micron s1eve to separate the coarse fraction 
5 
(sand) from the fines (silt a.nd clay). After re-
moving the fines and catching them in a pan, they 
were than transferred to a mixer and stirred for 
five minutes. The sample was then transferred to 
a 1000 ml which was then filled to the 
1000 ml level wi,th sodium Hexametaphosphate sol-
ution. 
The sample was _analyzed for fines by using 
the pipette method to determine the weight in 
each and the cumulative percent coarser. 
After wet sieving, the coarse fraction was pla·ced 
in an oven to dry overnight. When dried, the sample 
was allowed to come to ambient conditions of tem-
perature and humidity, weighed to the nearest 0.01 
gram and sieved. The sieving was done using sieve · 
numbers 5-230 _(U.S. Standard sieve numbers). 
Upon completion of sieving ( 10-15 minutes),· 
the fraction weight, cumulative weight, weight 
percent, and cumulative weight percent were deter-
mined for each sample. When all sieving and pipet-
ting was completed, the size fractions greater 
than 1mm were viewed under a binocular microscope 
to determine the composition of rock fragments for 
each sample. The data was plotted on a bedrock 
base map to show the distribution of clasts, for 





The bedrock geology of the Long Island Lake 
Quadrangle (plate 1) is largely related to its 
position on the north limb of the Lake Superior 
syncline (Grout and 1959). The rock units 
in the southern two-thirds of the 
(Gunflint .!iake and S()Uthward) trend generally 
east-west. The oldest rocks outcrop in the north-
ern and portion of the quadrangle. 
These include the Saganaga tonalite. unnamed granite, 
and the Chub Lake volcanics. The structure of these 
rock units is complex and the relationship of one 
to a.nether is explanined by Feirn (1977). Figure 
2 is a complete geologic column of the Long Island 
Lake Quadrangle. 
Rocks pf Early Precambrian a.ge (Chub .Lake 
volcanics, unnamed granite and Saganaga tonalite) 
are unconformably overlain by the Middle Precam-
brian Animikian Group (Gunflint Iron-Formation . . 
and Rove :Formation). The puluth _Complex and Logan 
Intrusions intrude and truncate the Middle Pre-
carnbrian rocks. These two units make up most of 
the Upper Precambrian section. 
Lower Precambrian 
Chub Lake Volcanic Complex 
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Chub Lake Volcanic Complex 
Figure 21 Geologic column of the Long 
Island Lake area. 
the northwest portion of the Long Island Lake Quad-
rangle. The volcanic complex is an eastward exten-
sion of the Lake greenstone unit (Feirn, 1977), 
that includes an assembledge of metabasalt, meta-
andesi te, agglomerate and tuff, hornblende andesite 
porphyry and intercalated metagraywacke and slate. 
The greenstone is a dense greenish, somewhat 
schistose rock, consisting largely of hornblende, 
feldspar and lesser chlorite, leucoxene and magnetite. 
Yeinlets of calcite, chlorite, quartz, and pyrite 
are sometimes found. Some of the greenstone shows 
spherulitic and ellipsoidal structure. 
The Chub Lake Volcanic Complex constitutes a 
homoclinal sequence which dips southward toward 
what Gruner inferred to be the axis of a southeast-
ward-plunging synclinorium. This sequence becomes 
stratigraphically younger to the south, according 
to pillow-top directions (Feirn, 1977). 
Saganaga Granite 
The Saganaga granite of A. Winchell (1888) 
has been renamed the Sganaga tonalite by Hanson 
and others (1971), inasmuch as plagioclase is the 
dominant feldspar. It intruded the Chub Lake Vol-
canic Complex around 2.7 billion years ago. 
The main phase of the granite is a gray, 
medium- to coarse-grained tonalite characterized 
by large quartz aggregates that resemble phenocrysts. 
The quartz "eyes" are aggregates of grains 1-2mm in 
9 
diameter. Other phases include: (1) a younger 
fine-grained tonalite which lacks conspicious quartz 
a border phase which is a quartz-bearing 
hornblende diorite; (3) a red, coarse-grained biotite-
fluorite granodiorite and pegroatite; and (4) a quartz-
.feldspar pegmati te which occurs as vienlets in the 
main phase, · 
A major, northwesterly trending fault (Locik-
out Fault) separates rocks showing no metamorphic 
effect on the granite. The fault . apparent_ly .was 
related to the final emplacement of the granite 
(Morey and others, 1970) which makes it a Lower Pre-




The Gunflint Iron-Formation trends northeast-
erly from Sec. 34, R5W to Gunflint West 
of section 34 the iron-formation is overlain by or 
engulfed by the gabbro. The iron-formation is re-
presented by a narrow band ranging from one 
red meters up to three hundred meters wide. 
The Gunflint formation consists of four main 
subdividions: (1) lower member; (2) lower 
slatey member; (3) upper cherty member; and (4) 
upper slatey member. The lower cherty member con-
tains a basal conglomerate that is mainly chert 
with a granular texture. It also contains a thin 
10 
coarse-grained bed of magnetite, ·quartz and amphi-
boles. The lower slatey member consists of a thin-
bedded, black, graphic slatey layer, a massive 
cherty layer and a fine-grained, thin-bedded, bluish 
to greenish black layer. The upper cherty member 
contains a massive coarse-grained, gray cherty 
layer with wavy and irregular magnetite layers. 
The upper sltey member contains a fine-grained, 
thin-bedded layer composed of quartz, amphib0le 
and magnetite, with a carbonate layer containing 
abundant silicates. 
Rove Formation 
The Rove Formation extends from Sec. 26, T65N, 
R4W eastward to Gunflint Lake. The formation is 
characterized by intercalated black to grayish 
black, locally carbonaceous argillite, argillac-
eous siltstone and fine-grained graywacke (Morey, 
1971). It is intruded by a. ,complex of sills and 
dikes of diabase (Logan Intrusion) and is truncated 
by the Duluth Complex. The diabase is much more 
resistant to erosions , thus, making the Rove area stand 
out as a series of valley and ridges. 
. Locally the Duluth Complex has metamorphosed 
the Rove. to a medium-grained, granoblastic horn-
fel. The Rove is well-bedded with an average strike 
of N70°E and sips 4°-10° to the south except where 





The Logan Intrusions include sills and dikes 
of fine- to medium-grained diabasic gabbro. Most 
of the Logan bodies are sill-like, which result in a 
sawtooth ._topography due to the differential erosion 
of the inclined sills and the Rove Formation. The 
Logan sills and Rove Formation are truncated by the 
Duluth Complex along strike at a low angle. The con-
tact of the Rove and Gunflint Formations is concordant 
with bedding. 
Fine-grained Metadiabase 
A fine-grained metadiabase is found in the 
southwestern portion of the ·quadrangle. It is 
similar in mode, texture and variation to the diabase 
of the Logan Intrusion. 
Iron Lake Gabbro 
A medium-grained, foliated gabbro termed the 
Iron Lake Gabbro outcrops in the eastern portion of 
the quadrangle. The unit is characterized by a well-
developed planar orientation of plagioclase, tabular 
augite and elongate iron-titanium oxides. 
Tuscarora Intrusion 
The Tuscarora Intrusion makes up alomost all 
of the southern half of the quadrangle. It is a 
sequence of rock types common to other parts of 
the Duluth ·Complex. The rock types appear in the 
·following succession away from the base: (1) a 
12 
fine- to medium-grained augite-troctolite, _(2) 
fine- to medium-grained troctolite, (3) a medium-
grained troctolite, (4) a fine-grained. granoblastic 
gabbro, (5) an interlayered anorthositic gabbro and 
troctolite, (6) medium-grained anorthosite, (7) 
medium grained ferrogranodiorite, and (9) a fine-
to medium-grained granophyre. 
The basal contact of the intrusion is nearly 
flat lying and it crosscuts the steeply-dipping 
Animikie strata and the Logan Intrusion. The 
troctolite sequence strikes eastward and dips 15° 
south towards Lake Superior. 
Generalized Geology 
To make the identification and classification 
of rock fragments easier during the investigation, 
the bedrock geology was simplified into the follow-
ing unitss (1) granite, (2) vo·lcanics, (3) iron-
formation,· (4) slate and diabase, (5) gabbro, and 
(6) oth_ers (which include uni ts from outsid_e the 
area). Figll:!'e J is a plan map showing the simplif-
ied and generalized geology for use in studying the 
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A complex history of advance and retreat of the 
Laurentide ice sheet is indicated by stratigraphic 
Felationships in Minnesota and elsewhere in upper 
Midwest. Drift sheets of possible Illinoian and . 
Kansan age have been identi.fied: .in .,so.uthern._.Minn-
esota (Leverett, 1932). However, the landforms and 
surficial deposits for most of the state r _ecord 
events of the Wisconsin Glaciation. 
The glacial record of Minnesota is complex, 
because of the of several distinct lobes 
of ice which protruded from the front of the Lauren-
tide ice sheet. These protrusions were in part 
trolled in their movement by preglacial bedrock 
lowlands which formed by differential erosion of 
the different bedrock types. Wright (1972) has re-
cently summarized the Quaternary history of the state 
in some detail. 
During the Wisconsin Glaciation, two separate 
lobes of ice invaded Cook County (Sharp, 1953) as 
seen in figure 4 . . The earlier lobe, termed the 
Rainy Lobe (Elftman, 1898), was the only lobe to 
advance across the Long Island Lake area. The later 
Superior Lobe (Leverett, 1929) followed the Lake 
Superior trough, and covered only a narrow strip 
of land along the . southern edge of Cook County. 
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The Rainy Lobe advanced and retreated several 
times (Fig. 4). During the St. Croix phase, the Rainy 
Lobe extended south and west into central Minnesota, 
where it .. terminated at the St. Croix Moraine. This 
advance produced the impressive Toimi field 
in St. Louis and Lake Counties. In the Vermilion 
phase, the lobe extended a.s far south as Isabella, 
Minnesota, where it formed the Vermilion Moraine. 
Glacial Erosion 
The small scale erosional features 
displayed are striations, glacial polish, grooves 
and various types of friction cracks. Large scale 
erosional features include roches moutonnee.s, stream-
lined and glaciated bedrock hills, and excavated 
bedrock basins. Most of the erosional features, 
whether large of small, are developed in bedrock 
areas underlain by granite, vo1canics, 
slate and diabase. These tend to be absent 
in the gabbro due to intense post-glacial weathering 
of the bedrock surface. 
The striations trend between SJ0°E and s3oow 
indi.cating that the Rainy Lobe advanced into the area 
from the north and moved generally southward (Fig. 5). 
Sharp (1953) suggested that variations in direction 
appear to reflect the influence of local topography. 
Undoubtedly, ice flow was controlled to some degree 
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Figure 4r Phases of glaciation in northeastern 
Minnesota. (after Wright,1972) 
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Many of the glaciated bedrock surfaces, espec-
ially roches moutonnees, have joint-controlled 
scars. These scars range from a meter to tens of 
meters in .length, from which a large portion of the 
mass has been plucked away. Most of these scars 
are defined by one joi.nt plane dipping soo trans-
verse to the direction of flow. The modification 
of these surfaces by striations indicates that they 
were formed beneath the advancing ice sheet, or at 
least overr.idden by it. 
Glacial erosion rather than deposition has been 
responsible for the distribution and shape of the 
lakes. Many of the lakes exceed JO meters in depth. 
These are generally underlain by the Saganaga granite, 
Duluth gabbro orRove Formation. · The shallow lakes, 
a meter or two in depth are underlain by a mantle of 
drift. 
Each of the major rock units are characterized 
by a distinctive configuration of the lakes develop-
ed upon them. Lakes underlain by the granite have 
linear segments which reflect the regional trend 
of the jointing. Within the Duluth gabbro, the lakes 
are narrow, elongate and lie parallel to mineral-
ogical zones in the layered intrusions (Grout, 1933). 
The lakes underlain by the slate and diabase a.re 
elongate and trend The elongation reflects 
the valley and ridge topography formed by different-
ial erosion of interla.yered slates and diabase sills. 
19 
The absence of major north-south lakes or 
streams suggests that the preglacial _drainage 
pattern was controlled by the bedrock structure. 
The absence of ice flow indicators trending east-
west indicates that glacial erbsion did little to 
alter the preglacial topography. Alternatively, 
the intensity of glacial erosion is influenced by 
differences in bedrock strength, regardless of 
glacier flow direction. 
Glacial Deposits 
Till 
Throughout most of the a.rea, the till is thin 
and patchy, never exceeding more than a few meters 
in thickness. Most of the till is found on the lee 
side (down glacier) of topographic highs. It is 
generally loose a.nd uncemented, except in the east-
central portion (sections 24,25,26 and JO), where 
iron oxide-cemented till is exposed in a few places. 
The till is yellowish brown (10YR 5/4) and 
sandy, composed of 60-90% sand size particles, with 
an average of 90% (Fig. 6). Only four samples were 
completely analyzed because most of the samples 
contained less than 5% silt and clay combined. 
The pebbles and boulders found in the till are of the 
same composition as the local bedrock. The boulders 
range up to more than 3 meters in diameter. 
Many of the rock types in the area contain 
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Figure 61 Ternary diagram. 
clasts less than 1mm in diameter were not helpful in 
the determination of their bedrock sources. There-
fore, only the lithologic composition for clasts 
greater than 1mm were determined. The results of 
the till analyses are listed in Tables I and II. 
Outwash 
Outwash is located in three major areas (Fig. 5). 
The northern outwash areas are con.nected by a JOO 
meter wide channel of bedded and sorted sand and 
gravel that was formed by spill-over from the north-
ernmost outwash area. This relationship is support-
ed by the existence of a high percent of granitic 
clasts within the channel, as well as cross-bedding 
that indicates southward flow. At the present time, 
the channel is occupied by a northward flowing stream. 
The outwash contains pebbles and boulders of 
the local bedrock. Unlike the till, these boulders 
and pebbles a.re rounded and usually stained by lim-
oni te. Grout and others (1959) suggest that the out-
wash near Gunflint Lake reaches a thickness of 
33 meters. Along the western sho.re of Long Island 
Lake, exposures of outwash rise 20 meters or more 
above the lake level. Topographically the outwash 
areas are found in lowlands or valleys, especially 
the valleys within the slate and diabase. 
Depositional Landforms 
No glacial landforms such as moraines, drum-
lins or sekers are found in the Long Island Lake 
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area.. The Vermilion Moraine, formed during the re-
treat of the Vermilion phase, is located about 60 km 
southwest of the· area. The Toimi drumlin field, which 
formed during the St. Croix phase, is about 90 km 
southwest. With the lack of glacial landforms, such 
as these, one could assume a constant rate of retreat 
for the glacier. 
2J 
RELATIONSHIPS OF DRIFT LITHOLOGY TO BEDROCK. 
Introduction 
Drift Lithology 
Although little work has .been completed on the 
glacial geology of the area, many studies of glacial 
dispersion, drift lithology, or drift prospecting 
have been unertaken in the past one hyndred years, 
with most literature published in the past thirty 
years. 
One of the earliest modern studies of regional 
drift lithology was completed by C. D. Holmes (1952). 
He studied the progressive changes in drift comp-
osition southward from the Lake Ontario basin into 
North Central New York by means of pebble counts 
within a single grain size (5mm to 11mm). Holmes 
concluded that till varies systematically in lith-
ologic composition down glacier from bedrock sources, 
with rate of decrease dependent upon rock type. 
Harrison (1959, 1960) conducted a detailed 
lithologic investigation of tills in Indiana. He 
looked at ·16 different size fractions in 11 till 
samples. He concluded tbat the abundance of var-
ious lithologic components of the till was porport-
ional to the area of the corresponding bedrock that 
was traversed by the glacier. 
Indicator studies have commonly dealt with 
boulder and pebble distribution. Since 1950, dis-
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tribution patterns of sa.nd-s.lze clasts, clay minerals, 
and trace elements have received increased attention. 
Dreimanis (1956) gives an excellent discussion and 
bibliography on boulder tracing; Potter and Petti-
john (1963) also present a discussion of till pro-
venance studies. Hawkes and Webb (1962) and several · 
authors in Kvalheim (1967) discuss the development 
of geochemical prospecting techniques in glacial 
or related deposits. 
One of the few complete investigations of 
drift lithology was conducted by Dreimanis and Vagners 
(1969). They concluded that: (1) local bedrock· mater-
ial is not always predominant in till; (2) during 
glacial transport, each rock eventually becomes ·com-
minuted to the terminal grade of its constituent 
minerals; (3) before a rock has been comminuted to 
it terminal grades, its frequency distribution in 
till is bimodal or multimodal. Rock fragments gen-
erally are found in one or more coarse-grained modes, 
and each constituent mineral in its own fine-grained 
mode; (4) the lithologic composition of till depends 
on many factors, 
The publication by Dreimanis and Vagners (1969) 
along with other publications, such as Lee (1963), 
Sitler (1963), Willman and others (1963, 1966), 
Gillberg (1964, 1967); and White and others (1969) 
are examples of systematic modern approaches to 
regional mineral and rock dispersal studies for till. 
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Various workers in the Baltic ·area have done similar 
till investigationst such as Raukas (1961) in Estoniat 
Savvaitor (1962) and Stinkule (1964) in Latviat and 
Gaigalas (1964) in Lithuania. 
In southeastern Quebec, ·McDonald ( 1966, 1967) 
mapped indicator trains trailing southeast from sev-
eral distinct source areas, He interpreted erratics 
found west of their source areas as having been 
transported southwest across regional strike during 
a southwest flow phase of the penultimate glaciation. 
Cooke (1937) and Dunquette (1960) interpreted a similar 
occurence of erratics as reflecting north or north-
westward flow of ice into Quebec from highlands in New 
England. 
W. W. Shilts (1973) based on studies of rocks, 
minerals, and trace elements in Wisconsin age till 
components could be ascribed to distant sources, 
except where topographic prominences had blocked 
or deflected ice-transported sediment. 
C. L. Matsch (1971) studied the distribution of 
Pierre shale in the ties Moines lobe in central 
Minnesota. He found that in the central portion 
of the lobe, shale persisted (50% or more of the 
very coarse sand fraction, 1mm-2mm) along the entire 
path of flow in Minnesota and that the content of 
shale clasts decreased systematically towards the 
ice margins. He showed that contary to other find-
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ings, compositional isopeths are sometimes parallel 
to regional flow lines rather than normal to ·them. 
Glacial Erosion 
J. D. Forbes (1843) described the effects of a 
glacier as "a stupendous unwieldly mass dragged over 
the rocky surface, denuding it of every blade of 
grass and every fragment of soil, that proceeds to 
wear down the solid granite, or slate, or limestone, 
and leaves most undeniable proof of its action upon 
these .rocks". Ever since this statement, glacial 
geologist have tried to understand the erosional 
processes of a glacier. Like drift lithology, 
glacial erosion has been a widely studied process 
in the past one hundred years. 
The intricacy of striation patterns and their 
implications were first discussed superbly by 
Chamberlain in 1888. Gilbert, 1906; Harris, 1943; 
Carol, 1947; Dahl, 1965; and Gjessing, 1967 discuss 
in detail the processes that are responsible for 
the formation of striae, friction cracks, Sichel-
wannen, and stoss and lee topography. Veyret 
(1971) noted that during a recent advance ·of the 
Glacier des Bossons, grooves 0.4m long, 10-20mm 
across and J5mm deep were abraded by boulders within 
a span of four weeks. Boulton and Vivan (1973) 
recorded the abrasive effects on blocks bolted to 
the bedrock beneath part of Bjeidamerkurjokull in 
Iceland 
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The understanding of abrasion beneath glaciers 
has come from observations associated with sub-
glacial hydro-electric tunnels (Galibert, 1962; 
Vivan, 1970), from the6retical considerations 
(Rothlesbergen, 1968) and from the laboratory (Lister 
et al., 1968; hope et Sugden and John 
(1976) summarize the processes of glacial erosion 
inwhich they give a tentative list of variables af-
fecting the process of glaciai abrasion. 
A large quanity of work has also been completed 
on the fracture of fresh bedrock by glacial activity 
(Embleton and King, 1975; Trainer, 197)1 Glen and 
Lewis, 1961). Boulton (1974) discusses fracture 
of bedrock along with other processes and 
of glacial ersion. He suggests that differences 
in pressure between the upstream side of a protub-
erance and the downstream side is sufficient to 
cause rock fracture. 
Another effective erosional process is pluck_ing 
and freeze-thaw. Boye (1950), Cailleux (1952), and 
Tricant and Cailleux (1962) suggest that erosion 
by a glacier is most effective when preglacial rocks 
have first been broken up by periglacial freeze-
thaw activity. Since the observations ·of Carol 
(1947), plucking and freeze-thaw have seemed an 
attractive explanation of the block loosening in 
the lee of roches moutonnees. Weertman (1961) 
and Boulton (1972) suggest that, where a glacier 
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is cold in its area, net freezing of 
meltwater (derived from a temperate interior) to 
its sole would incorporate debris from subglacial 
sediments. In their model subglacia.l materials 
which were themselves frozen could be incorporated 
in some bulk to produce very large erratics (Boulton, 
1972). Observers of alpine glaciers (Corbel, 1968; 
Vivian, 1970) suggest that temperatures of -20°c 
are necessary before frost can shatter fresh blocks 
of hard bedrock. 
Many studies have been published on glacial ' 
erosional processes and many more probably will 
be done in the future. Not all published papers 
have been mentiqned because it would take many 
pages to mention them all. The observations seen, 
the ideas suggested, and -the theories presented in 
this pap.er on erosional processes are an accumula-
tion of past ideas of others and the ideas of the 
author. 
Distribution of 1mm-2mm Clasts in Till 
Figure 7 is a map showing the distribution of 
1mm-2mm clasts in till. The distribution shows 
that granite clasts are found in abundance through-
ou the area. In the area underlain by granite, 
a small percent of clasts classed as "others" is 
found. These clasts are gneissic fragments whose 
source may be the Northern Light Gneiss located 
about ?km north of the Long Island Lake Quadrangle. 
29 
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Other fragments in this category are diabase frag-
ments whose source are dikes that have intruded the 
granitic batholith. 
Although granite is abundant in all the 
the percent decreases down glacier away from the 
b.edrock source. Volcanics, iron-formation, slate 
and diabase show up as clasts in the till only at 
those sample sites· located a fair distance into and 
downglacier from their contacts. The clast abundance 
for each litholgy reaches a maximum percent within 
1km of their contact then decreases within the same 
distance along a flow path parallel to glacial flow. 
South of the slate and diabase, the sample 
sites show a .rapid increase of gabbro within 500 
meters of crossing the contact, then a decrease ac-
companied by an increase in granite and finally an 
increase in gabbro again. The increase in granite 
could only be possible by the addition of new granitic 
material to the till . Therefore, it is p_ostulated 
that within the gabbro, granite bodies, as yet un-
detected, and perhaps similar to those in the ex-
treme southwest part of the quadrangle could be the 
source. 
Rapid changes in the abundances of volcanics, 
iron-formation, slate and diabase could be related 
to the low resistance of these units to crushing. 
The material would be crushed easily into clast 
sizes 1mm-2mm, but also crushed out of this size 
31 
fraction into a smaller size fraction just as 
easily. A narrow outcrop width would also control 
_the total volume of material supplied to the basal 
ice; Therefore, would take place rapidly as the ice 
moved beyond the source area. · 
32 
The major relationship that can be seen in the 
distribution of 1mm-2mm clasts is that as the distance 
from a particular bedrock source _becomes greater down 
glacier, the percent of those bedrock fragments decreas-
es. This is consistent with observations elsewhere by 
Holmes (1952) and White (1969). 
Distribution of 2mm-4mm Clasts in Till 
Figure 8 represents the distribution of 2mm-4mm 
clasts in till. In this size fraction granite 
is abundant again except in the extreme southern 
portion. The fragments labeled "others" are gneis-
sic and dike material within the granite. Near 
the U.S.-Canadian border, the high percent of non-
ganite fragments includes a basal conglomerate of 
the iron-formation. 
In this size fraction, as in the 1mm-2mm 
fraction, abundances of volcanic, iron-formation, 
slate and diabase fragments decrease more rapidly 
than does the granite fragments. At the same 
loca.li ty, the percent of foreign bedrock fragments 
is less in the larger fraction indicating that 
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In the eastern portion of the mapped a.rea., the 
percent of granite clasts increases in both the 1rnm-2mm 
and the 2mm-4mm sizes a.t the same locality. This in-
crease in several fractions indicates an uptake of 
granitic material from a new .bedrock source, rather 
than a change resulting from crushing of larger clasts 
into smaller fractions. 
Distribution of 4mm-16mm Clasts in Till 
· Figure 9 represents the distribution of 4mm-
16mm clasts in till. In this size fraction, all 
the same relationships in distributions already 
noted above continue to be apparent. 
Distribution of 16mrn-1m Clasts in Till 
Figure 10 represents the distribution of 16mm-
1rn clasts in till. Many of the localities a.re not 
coincident with sample sites previously discussed. 
The difference is due to the lack of this size at 
the previous localities. An average area of 100sq. 
meters was needed to obtain 100-200 counts per local-
ity. 
In this size fraction, the percent of granite, . 
volcanics and iron-formation decrease slower away 
from their sources. This relationship is probably 
due to the greater range of sizes used in this 
distribution. Also, this figure shows that the 
ga.bbro contributes to the composition of the till 
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Distribution of >1meter Clasts in Till 
Figure 11 represents the distribution of >1meter · 
clasts in till. In every locality except one, 100% 
of the rock fragments found were of the same lith-
ology as the underlying bedrock. Along all contacts, 
no boulder larger than 1 meter of the upstream bed-
rock was found more than 60 meters down glacier from 
the contact. 
An-.example of this relationship can be seen 
along the volca.nic::-granite contact. No · granite 
boulder larger than 1 meter was found more than 
60 meters into the volcanic unit. Only one local-
ity shows less than 100% because it is located less 
than 60 meters from the contact, 
Summary of Distributions 
The relationships found in the size fractions 
less than 1 meter are the result ot two pr?cesses: 
(1) dilution, by the incorporation of new bedrock 
sources as the glacier crossed contacts and (2) 
crushing of large clasts into smaller clasts. Dil-
ution is proved by the appearance of new bedrock 
types as sampling sites cross contacts. Crushing 
is reflected by the fining of the texture of till 
down glacier. 
Lithologic trends in the smaller size fractions 
are similar to those detected by Dreimanis and 
Vagners (1970). They concluded that local bedrock 
is not always predominent in tills. In this in-
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vestiga.tion the underlying bedrock, though well-
represented in many samples, was not predominant. 
However, most clasts were derived from within a · 
7km radius. Their conclusions that the lithologic 
composition depends upon dista.nce from the source 
area, the properties of the source material, the 
modes of glacial transport, the processes of com-
minution, and the configuration and flow directions 
of glacial lobes, are also supported by this study, 
except for the size fraction greater than 1 meter. 
In many studies of drift lithology the greater 
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than 1 meter size fraction has seemed to have been 
neglected, perhaps because clasts in this size range are 
rare, or considered to be from some distant source. 
The relationships found between drift composi-
tion and bedrock distribution can be explained in-
terms of the glacial history of the area and the 
glacial physics, especially temperature changes 
during advance and retreat. It is apropriate to 
discuss possible models that would explain the dis-
tribution results found in this investigation. 
Models to Explain Clast Distribution 
In order to understand the distribution o.f 
the clasts just discussed, the processes of glacial 
erosion and deposition that produced them must be 
understood. Figure 12 shows a. possible model of 












Between advances, bedrock was subject to weather-
ing and erosion possibly as much as it has during 
the present post-glacial interlude (Fig. 13). Ac-
cording to Sugden and John (1976), there are two 
effective processes of glacial erosion: abrasion and 
plucking. To erode fresh bedrock, the fragmental 
debris produced by abrasion and crushing must be 
incorporated into the moving ice stream by plucking. 
There are two requirements for these processes to 
be effective: First, moving dirty basal ice must 
make contact with the, bedrock and the ice must exert 
a tractive force against the loosened fragments 
greater than the frictional drag between the frag-
ments and subjacent materials. To remove regolith, 
which _is already loose, plucking is the sole require-
ment. After incorporation, the elastic material is 
transported either near the base of the glacier 
or at some height above the base. At the base, the 
material is subject to continuious abrasion and 
crushing, Above the base, the glacial sediment is 
less concentrated, and able to travel long distances 
with minor abrasion. 
During advance, material incorporated in the 
base or above the base may be carried to a distant 
ice margin and deposited as moraine or outwash. 
In n<j)rtheastern Minnesota such a. distant ice margin 
for the Rainy Lobe was the Vermilion Moraine located 
about 60km southwest. 
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Figure 13: Post-glacial weathering of 
gabbro. 
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As regolith is progressively removed, more 
resistant bedrock is encountered and abrasion becomes 
important. Evidence of abrasion features in the 
Long Island Lake area are shown in figure 14. 
During glacial retreat erosional processes 
continue as long as the ice continues to flow, 
even though the margin is melting back. A model 
of retreat over the Long .Island Lake area 
is represented in figure 15. 
Figure 16 is a schematic diagram showing the 
effects of ice thickness on abrasion. At maximum 
thickness material is lodged onto the base of the 
glacier and little if any abrasion is accomplished. 
As ice ·thickness decreased, abrasion increased to 
a certain point until the friction between the 
particles and the bed is sufficiently lowered to 
retard the movement of a particle, thus reducing 
abrasion (Boulton, 1974). Other factors that affect 
abrasion are volume of basal debris, sliding of 
basal ice, transportation of debris downward towards 
bedrock, basal water pressure, relative hardness 
of rock particles and bedrock, particle 
istics and efficient removal of rock flour (Sugden 
and John, 1976). No single factor determines the 
rate or type of abrasion. Given the presence of 
basal debris, conditions most favorable for abrasion 




Figure 14: Abrasion features in area, (a) striations 
and (b) chatter marks. 
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Figure 16: Schematice diagram showing abrasion 
rate vs ice thickness. (after Sugden 
and John,1976) 
As the ice margin approaches a particular 
source (such as unit 1 in Fig. 15), the material 
from unit one is removed by abrasion and plucking 
and remains in transport for only a short time be-
fore it is deposited. Outside of the margin, the 
composition of the till would at one time contain 
a high percent of unit 1. Further down glacier, 
the till would be composed of a mixture of unit 
1 and 2. Moving further dov-m the compos-
ition of the till would contain a high percent of 
unit 2. Thus, the percent of a particular bedrock 
source (unit 1) would decrease down glacier, as was 
the case in the distribution of clasts in till less 
than 1 meter. One must keep in mind that this re-
lationship would only hold true if the ice were 
retreating at a constant rate, with no large scale 
stagnation. 
Figures 7-10 showed an increase of granitic 
clasts in the localities underlain by the gabbro. 
This would tend to disprove the theory 
previously mentioned. The increase in granite 
could be due to dilution, but what would be the 
source of dilution? Two factors could be involved 
that would increase the percent of granite. An 
unknown or buried granitic source could be supply-
ing granitic clasts to the till. This factor is 
possible because there are ferrogranodiorite units 
exposed within the gabbro. Another possible factor 
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might be dilution of the basal till by ablation 
till that contains a high percent of granite. The 
question may arise then why ablation dilution here 
and nowhere else in the area? A possible 
ation for this relationship could be the affect of 
the upstream topography (Fig. 17). As the glacier 
flowed over the valley and ridge topography of the 
slate and diabase, the granite, which made up a large 
portion of the basal debris, topped the first ridge 
and continued to flow in a straight line as material 
above the base. Incorporated ' in this position the 
granite would be subject to less abrasion and the 
material could continue to flovi above the base un-
til it reached the margin and was deposited. Upon 
deposition, the granite would have a dilution affect 
on the composition of the till giving the till a 
higher percent of granite. Either case could ex-
plain the increase in granite. Only the first could 
be proved by drilling to see if a granitic body is 
buried by drift upstream from the localities where 
the increase takes place. 
As a glacier thins, the margin can become cold-
base as compared to warm-base ·in its thicker inter-
ior. Abrasion and quarrying would continue with-
in the warm-base portion but at the margin, the 
glacier sole would become frozen to the bedrock in-
terface and abrasion .would be negligible. 
48 
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A second process that could take place at the 
margin would be the fracturing of bedrock by the 
unloading of the overriding ice. Fractures form 
parallel to the face of unloading due to the re-
lease of stored strain energy . (Lewis, 1954). With 
the existence of previous joint systems and newly 
developed exfoliation, large locks of bedrock re-
bound slightly above the surface. Each rebounded 
block would become an obstacle to the forward motion 
·of the glacier. Pressure would increase at the 
contact between ice and block. The pressure in-
crease would lower the melting point of the ice. 
Lowering of the melting point would enable the ice 
to melt, water to flow into the fractures, freeze 
and cause the blocks to fracture more. 
During the summer months, as the margin re-
turns to a warm-base, the ice in the fractures 
melts and more water flows into the fractures. 
During the winter months, the margin returns to 
a. cold-base margin, the water would freeze and 
fracture the blocks more. Eventually the block 
would be fractured enough so that the glacier would 
be able to literally drag the large block (greater 
than 1 meter) out of position. 
For these large blocks to be incorporated 
within the glacier, it is necessary for ice to 
exert a tractive force on the block. The greater 
the surface of contact between the ice and block, 
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the greater the tractive force (Sugden and John, 
1976). The smaller size fractions would not have 
the sufficient surface to allow further motion and 
so they would be deposited. 
Sugden and John (1976) suggest that a 
ness of 20 meters or more would be required to 
' 
cause effective ice deformation around the blocks. 
Therefore, one could conclude that the removal of 
these large boulders is the result of the "last 
gasp" of the glacier, depositing the boulders on 
top of the smalier clasts. Evidence of this type 
of deposition in the area can be seen in figure 18. 
Th.e boulders would be deposited close to their 
source because this activity of removing them takes 
place near the margin and the boulders remain in 
transport for only a short time. Thus, these boulders 
greater than 1 meter can be used to inferr contacts 
of the local or underlying bedrock. 
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Figure 181 Boulder greater than 1 meter on top of drift. 
CONCLUSIONS 
The glacial history of the Long Island Lake 
' area. is not as complex as other areas throughout 
Minnesota.. Glacial erosion rather than glacial 
deposition has been the main factor affecting the 
distribution of clasts in till. 
In the size fractions less than 1 meter in 
diameter, drift composition reflects the regional 
geology and not so specifically the local or under-
lying geology. Changes in composition and bedrock 
distribution are expla.ina"ble in terms of . the glacial 
history of the area and glacier physics, especially 
temperature changes during advance and retreat. 
The following situations may explain the dis-
tribution of clasts in tills (1) as distance from a 
particular bedrock source becomes greater down glacier, 
the percent of those bedrock fragments in . each size 
fraction less than 1 meter in diameter, decreases 
down glacier; (2) at sample sites within a particular 
bedrock unit, the percent of foreign bedrock fragments 
increase in the smaller size fractions; (3) the 
narro·wer the ·outcrop width, the more rapidly the comp-
osition percent of that bedrock type decreases down 
glacier; (4) clast composition is size fractions 
greater than 1mm, but less than 1 meter, relect the 
lithology of the regional bedrock but not necessarily 
the underlying bedrock; (5) clasts greater than 1 meter 
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reveal the best relatioriship and are useful in in-
ferring bedrock contacts within+ 60 meters. 
The lack of local bedrock clasts in the smaller 
size fractions indicate either high resistance of 
local bedrock to crushing, or · lack of opportunity 
for crushing because of short residence time in the 
glacial system (short distance transport). In 
either case, the fine-grained fraction therefore 
represents a contribution to the glacial load ffom 
a more .distant source and the coarse-grained fraction 
represents a contribution to the glacial load from 






sample total wt. %sand %silt and clay 
4-6 95.17 96.25 ),-"l5 
4-3 89.63 83.25 16.75 
28-2 96.53 56.28 43.72 
28-3 91.50 83.05 16.95 
r,28-6 92.19 88.76 11.24 
3-1 101.05 81.84 18.16 
3-8 90.45 72.84 27.16 
3-5 96.64 91.91 
27-2 102 .15 92.67 7.33 
34-1 96.91 75.95 24.05 
10-3 91.83 88.23 11.77 
10-4 93.28 86.07 13.93 
23-2 90.46 76.45 23.55 
23-1 101.90 95.37 
-
19-1 91.84 72.43 27.57 
19-2 95.39 76.34 23.66 
30-1b 95.09 93.19 6. 81 
30-2 97.00 93.14 6.86 
1-1 91.36 91.52 8.48 
1-2 85.86 85.44 14.56 
12-1 . 98. 30 99.72 0.28 
13-4 95.98 94.12 5.88 
8-7 96.02 90.94 9.06 
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TABLE I (cont.) 
Till composition 
sample total wt. %sand ·%silt and clay 
8-6 100.95 84.60 15.40 
29-2 98.39 87.49 12.51 
29-1 93.48 87.94 12.06 
5-3a 107.16 90.04 9.96 
·5-1a 94.86 98.09 1.91 
5-1b 93.46 98.77 1.23 
8-2 94.04 86.27 13.73 
\. 
TABLE II 
Composition of Clasts in Till 
sample · clast dia. %granite %volcanic %iron-fm 
4-6 1mm-2mm )0 0 10 
2mm-4mm 26 0 10 
4mm-16mm 29 0 24 
16mm-1m 24 4 24 
>1m -- -- --
4-3 1mm-2mm 50 0 20 
2mm-4mm 64 0 10 . 
4mm-16mm 47 0 24 
16mm-1m 2.$ 4 26 
.>1m -- -- --
28-2 1mm-2mm 90 10 0 
2mm-4mm 99 1 0 
4mm-16mm 100 0 0 
16mm-1m 68 32 0 
>tm . -- -- _..,. 
28-3 1mm-2mm 74 13 13 
2mm-4mm 75 11 14 
4mm-16mm 39 17 44 
16mm-1m 62 JB 0 


































































TABLE II (cont,) 
Composition of Clasts in Till 
sample clast::·, dia., %granite %volcanic %iron-fm 
28..:6 1mm-2mm 75 12 13 
2mm-4mm 63 5 32 
4mm-16mm 36 23 41 
16mm-1m 64 J6 0 
>1m 0 1 99 
3-1 1mm-2mm 50 0 0 
2mm-4mm 38 0 2 
4mm-16mm 14 0 14 
16mm-1m 20 0 25 
>1m 0 0 0 
-
3-8 1mrn-2mm 50 . 0 0 
2mm-4mm 38 0 60 
4mm-16mm 36 0 36 
>1m -- -- --
3-5 1mm-2mm 65 0 3 
2mm-4mm 50 0 16 
4mm-16mm 24 0 17 
16mm-1m 50 0 20 
































































TABLE II (contn 
Composition of Clasts in Till 
sample clast dia. %granite %volcanic %iron-fm 
27-2 1mm-2mm 30 20 50 
2rnm-4mm so 10 40 
4mrn-16rnm 38 0 62 
16mm-1m 25 12 40 
>1m 0 0 100 
34-1 1mm-2rnrn 60 0 . 40 
2rnm-4mrn so 0 50 
4rnm-16mm 13 0 87 
16mrn-1rn 19 11 35 
>1m 0 0 0 
10-3 1rnm-2mm 10 0 0 
2rnm-4rnrn 10 0 0 
4mm-16rnm 0 0 0 
16mrn-1m 5 0 30 
>1m -- -- --
10-4 1mrn-2mrn 10 0 0 
2rnm-4mm 10 0 0 
4mm;,.16mm 0 0 0 
71m -- -- , --











































TABLE II (cont,) 
Composition of .. Clasts in Till 
sample clast %granite %volcanic %iron-fm 
10-2 1mm-2mm 10 0 0 
2mm-4mm . . 10 0 0 
4mm-16mm 0 0 0 
16mm-1m -- -- . --
'>1m -- -- --
23-2 1mm-2mm 13 0 a 87 
2mm-4mm 9 0 91 
4mm-16mm 7 0 93 
16mm-1m 10 0 90 
-- -- 100 
23 -1 1mm-2mm 86 0 14 
2mm·-4mm 62 0 33 
4mm-16mm 72 0 28 
16mm-1m 90 0 10 
0 0 100 
19-1 1mm.:..2mm 20 0 80 
2mm-4mm 20 0 63 
4mm-16mm 14 0 86 
16mm-1m 10 0 50 
,.1rn 0 0 0 














































TkBLE II (cont.) 
Composition of Clasts in Till 
sample clast dia, . %granite %volcanic %iron-fm 
19-2 1mm-2mm 2 0 98 
2mm-4mm 11 0 83 
4mm-16mm 0 0 100 
16mm-1m -- -- --
>1m -- -- --
J0-1b 1mm-2mm 35 0 . 10 
2mm-4mm 7 0 15 
4mm-16mm 6 0 2 
16mm-1m -- -- --
">lm -- -- --
30-2 1mm-2mm 16 0 4 
2mm-4mm 1 0 J 
4mm-16mm 4 0 0 
16mm-1m -- -- --
1-1 1mm-2mm 9 0 4 
2rnm-1+rnm ;' 10 0 5 
4mm-16mm 13 0 19 
16mrn-1m -- -- --
'::"1m -- -- --










































TABLE II (cont,) 
Composition of Clasts in ·Till 
sample cla,st dia. %granite %volcanic %iron-fm 
1-2 1mm-2mm .53 0 1 
2mm-4mm S4 0 3 
4mm-16mm 8 0 4 
16mm-1m ·60 0 20 
>1m -- -- --
12-1 1mm-2mm 1 0 0 . 
2mm-4mm 2 0 0 
4mm-16mm 0 0 0 .. 
16mm-1m -- -- ' --
,.lm -- -- --
13-4 1mm-2mm 0 0 0 
2mm-4mm ' 0 0 0 
4mm-16mm 0 0 0 
16mm-1m -- -- --
">1m -- -- --
8-7 1mm-2IT}m 99 0 0 
2mm-4mm 98 0 0 
4mm-16mm 100 0 0 
· 16mm-1m 90 0 0 
?1m 100 0 0 











































TABLE II (cont.) 
Composition of Clasts in Till 
sample clast dia, %granite %volcanic %iron-fm 
8-6 1mm-2mm 99 0 0 
2mm-4mm 98 0 0 
4mm-16mm 94 0 Q . 
16mm-1m -- -- --
· >1m -- -- --
29-2 1mm-2mm 78 32 0 
2mm-4mm 92 8 .. 0 
4mm-16mm 95 5 0 
16mm-1m -- -- --
':>1m -- -- --
29-1 1mm-2mm 100 0 0 
2mm-4mm 100 0 0 
4mm-16mm 95 5 0 
16mm-1m -- -- --
.,.1m -- -- --
5-3a 1mm-2mm 2 0 0 
2rnm-4mm 5 0 0 
4mm-16rnm 6 0 0 
16mm-1m 36 0 27 
>1m -- - --












































TABLE II (cont,) 
Composition of Clasts in Till 
sample clast dia, %granite :: %volcanic %iron-fm 
·.5-1a 1rnrn-2mm 2 0 0 
2mm-4mm .5 0 0 
4mm-16mm 6 0 0 
16mm-1m -- -- --. 
>1rn -- -- --
.5-1b 1mm-2mm 2 0 0 
2mm-4mm .5 0 . 0 
4mm-16mm 6 .. 0 0 
16mm-1m -- -- --
">1m .. - -- --
8-2 1mm-2mm 1 0 0 
2mm-4mm 3 0 0 
4mm-16mm .5 0 0 
16mm-1m -- -- --
?"1m -- -- --
21-1 1mm-2mm -- -- --
2mm-4mm -- -- --
4mm-16mm -- -- --
16mm-1m 98 0 0 
-,.1m 100 0 0 











































TABLE II (cont,) 
Composition of Clasts in Till 
sample clast dia, · %granite %volcanic %iron-fm 
16-1 1mm-2mm -- -- --
2mm-4mm -- -- --
4mm-16mm -- -- --
16mm-1m 96 0 0 
. ":>1m -- -- --
24-2 1mm-2mm -- -- --
2mm-4mm .. -- -- --
4mm-16mm -- -- --
16mm-1m 10 0 3.5 
>1m -- -- --
27-1 1mm-2mm -- -- --
2mm-4mm -- -- --
4mm-16mm -- -- --
16mm-1m 18 0 47 
">1m -- -- --
1J-1 1mm-2mm -- -- --
2mm-4mm -- -- --
4mm-16mm -- -- --
16mm-1m -- -- --
?1m 100 -- --
%rove %gab bro 
-- . --
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